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SUMMARY

Dissociated cells of the R3230AC mammary tumor were found to take up
glucose by diffusion and by a passive carrier system. Using labzled 3-O-methylglucose
as the probe, the following properties of the passive carrier were identified: (1) specific-
ity for glucose, (2) competition by galactose and mannose but not by mannitol and
fructose, (3) inhibition by phloretin but not by phloridzin, (4) temperature sensitivity,
and (5) a K, for transport of 3-4 mM. The effects of insulin in vitro on carrier-
mediated glucose transport were investigated in tumor cells from diabetic rats. At
10™? M insulin, 2 t'me-related decrease in » for transport was observed resulting in an
increased calculated K, (2- to 3-fold increase after 60-90 min incubation with insulin);
only slight effects on V were obtained. This unusual respanse in v to insulin was
observed when gl was p in the medium at 2 mM and 5 mM, but not at
20 mM glucose. The effect of insulin to d the v was d lated, with the major
effects seen between 1071° M and 107 ® M. The apparent decrease in glucose entry
in vitro may in part explain the ability of insulin to inhibit growth of this tumor in vivo.

INTRODUCTION

The R3230AC y ad i a lantable tumor of Fischer
rats, has been classified as 2 hormonally ive i This
classification was based on its biological behavior, as the tumor Erows well in the
absence of endogenous hormones (oophorectomy, adrenalectomy, orchi or

hypophysectomy) but growth of the neoplasm can be inhibited by administration of
pharmacologic doses of estrogen, androgens, prolactin or glucocorticoids [1}. An
interesting property of this adenocarcinoma was its well-differentiated state as
exemplified by its ability to synthesize casein, lactose, «-lactalbumin and shorter
chain fatty acids, products feund exclusively in the mammary gland during pregnancy

and lactation [2]. The secretory resp of the carci was induced by treatment
with estrogen and was antagonized by concomitant administration of actinomycin D,
Toheximid

Y or the anti-estrogen, MER-25 [l, 2],
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Insulin was required by the normal mammary gland in explant culture in vitro.
The hormone was shown to induce a wave of DNA synthesis, which was concluded
to be a prerequisite for the actions of prolactin and hydrocortisone for the stimulation
of casein synthesis [3]. Studies were conducted to determine the role of insulin on the
growth and biochemistry of the R3230AC tumor [4). This necplasm was found to
grow more rapidly in diabetic rats than in intact animals whereas intact animals
treated with 2 1.U. insulin per day demonstrated decreased tumor growth compared to
untreated (control) tumor-bearing rats, These observations suggested an unusual
effect of insulin on the growth of this tumor. To efucidate the effects o insulin on the
R3230AC carcinoma, studies were ducted in vitro to ch ize the gl
transport systems in the pl and to investigate any effects that insulin would
have on these systems. For these studies, dissociated tumor cells were employed;
preliminary results have been reported earlier [5].

Prior to examining the effect of insulin on glucose trensport, it was necessary
to identify the membrane transport components for glucose (fucilitated®, active
andfor diffusional**) and their characteristics with regard to saturability and speci-
ficity. Data presented here demonstrate the existence of both a fucilitated carder anda
diffusional glucose transport system, the former showing characteristics comparable to
those seen in normal cells [6, 7]. The effect of insulin on glucose transport was exams«
ined with respect to the time-course of exposure and to the concentration. Insulin
produced a decrease in the initial velocity of glucose transport; this unusual effect,
observed in vitro, was both dose-responsive and time-refated to the presence of
insulin.

MATERIALS AND METHODS
Aninvals and induction of diab

Female Fischer rats (80-90 g), obtained from Charles River Breeding Labo-
ratory (Wilmington, Mass.), were individually housed and offered food and water
ad libitum. The R3230AC tumor was implanted subcutaneously in the axillary region
on both sides by a sterile trochar technique as described by Hilf et al. {8). Animals
were killed by cervncal distocation =t two to three weeks after tumor transplantation.

Diabetes was induced by intri i jion of st in one week
prior to tumor xmplantauon [4], diabetes was confirmed by blood glucose levels
> 250 mg/100 ml and wrinary gl ion: ding 0.5 mg/100 ml. At

necropsy, serum insulin levels were < 2+ 107!° M as determined by radicimmuno-
assay [9].

Preparation of cells

Tumors were excised from diabetic animals as guickly as possible and placed
in chilied 0.9 % saline. The wet weight of the tumors removed from a diabetic animal
was approximately 6-10 g (two to three weeks after tumor implantation). Connective

* Passive carrier transport, used here, is also referred to as equalizing selective transport,
facilitated transfer, facilitated diffusion, assisted diffusion and carrier-mediated transport.

** The term diffusional component ns used here in a conventional sense and in no way presumes
that lack of ion within an range or ‘nhibition by j <ons
clusively demoastrates simple diffusion.
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tissue and necrotic areas of the tumor were removed. Three grams of selected tissue
were weighed and minced into ! x 1 mm pieces on a Mcliwain Tissue Slicer (Brink-
mann Instruments), The minced tissue was incuisated in a 250 mi flask with 10 ml
Hank’s balanced salt solution (—Ca?* and —Mg* %), ining 0.1 %; hyaluronid
(Sigma) and 0.05 % collagenase (type II, Worthington), for 1 h at 37 °C in a Benco
shaking water bath { ~ 50 cycles/min) [10]. After the first hour, the incubation mixture
was poured through a 100 mesh stainless steel s:rainer. The non-dissociated tissue
remaining on the strainer was returned to the fask with a fresh 10 ml aliquot of
enzyme solution andl inculyated for a second hour. “"he filtrate from the first incubation
mixture was discarded because of considerable contamination by red blood cells and
cellular debris. At the end of the second hour, the incubation mixture was again
strained, and the non-dissociated picces were rinsed with 10 ml of Medium 199,
without glucose (GIBCO}. The filtrates from the jacubation and wash mixtures were
centrifuged for 5min at = 80 xg. The :ell yield from the second incubation was
1.6 ml of packed cells from 3 g tumor. The cells from the second incubation were
washed at least three times with Medium 199, witaout glucose. After the final wash,
the cells were diluted five-fold with Mediam 199, without gl Cell viability was
monitored by trypan blue exclusion; preparations used in these experiments had
greater than 85 % viability. Cell number was estimiated by the use of a hemocytom-
eter.

Insulin binding assay

Insulin binding was assayed at 20 °C in a total volume of 1.0 ml Medium 199
with glucose, utilizing 109 cells, 1 % bovine serum albumin (Lot 55, Kupits, Forked
River, N.1.), and radioactively labeled insulin (*311, 20-50 Ci/g), either alone, or with
unlabeled insulin (1076 M). Plastic tubes were employed to minimize adsorption of
insulin to the reaction vessel. After the appropriate incubation, 10 mi ice-cold 0.9 %;
saline were added to the sample, the sample was centrifuged (900xg) for 2 min,
the supernatant was discarded, the test tube wiped to remove remaining droplets of
supernatant, and the cell pellet was counted in a Packard Auto-Gammz Counter,
Model 5220 (efficiency for 131 == 30 %),

Glucose transport determivation

Glucose transport was measured at 20 °C with 3-O-methyl-p-[1-*HJglucose
(1 Cifmmol, Amersham/Searle). Five million cells were suspended i Medium 199
(without glucose) with 1 ¢/ bovine serum albumin; 3-O-methyl-[1-*H]glucose (3 pCi/
vial) plus unlabeled 3-O-methylgl was added to give a final volume of 1 ml.
The diffusional component of total transport was determined by the inclusion of
100 ul 4 mM phloretin, which specifically inhibits passive carrier transport [I1).
Mannitol was added to maintain uniform osmolarity of 350 mosM. Transport was
halted by addition of 10 mi ice-cold 0.9 % saline followed by centrifugation for 1 min
at 3 °C (900 x g). The cells were rapidly washed once with 10 ml ice-cold 6.9 9 saline,
centrifuged, and the test tube wiped to remave adhering droplets. The cell pellet was
dissolved in two S ml aliquots of Aqueous Counting Scintillant (Amersham/Seatle)
and the sample was counted in a liquid scintillation counter (Nuclear Chicago,
Isocap 300) with an efficiency of 37 %,
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RESULTS
Ch ization of gl sport systems

The initial velocity (v) of glucose transport in the R3230AC tumor cells was
determined, using Jabeled 3-O-methy les were ob d at 1 time

points over a 15 min period; results are lllustratcd in Fig. 1. It was observed that
transport of 3-O-methylglucose in vitro demonstrated a linear relationship with time
for the first 1.5-2 min, after which time divergence from linearity was seen. Phloretin,
an inhibitor of passive carrier transport [11), inhibited 3-O-raethylgh entry and
phloridzin, which specifically inhibits active glucose transport [13, 14], did not inhibit
3-0-methylglucose entry (T'able I). Phloretin was employed to provide an estimate of
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Fig. 1. Time coursc of 3-O-methylglucose (5 mM) transport in the abs:nce and presence of phloretin
(200 uM} at 20 °C. Q, total 3-0- w3 hy!gl teansport in the
presence of phloretin (diffusional transport).

TABLE I

3-0-METHYLG:,UCOSE TRANSPORT IN THE PRESENCE OF COMPETITORS OR INHI-
BITORS

Transport of 3-0-methylglucose (I mM) was measured for 60 s at 20 °C. Competitors (10 mM) or
inhibitors (400 M) were added at zero time in presence of 3-G-methylglucose.

% 3-O-methylgiucose

transport

Competitor

Mannitol 106

Fructose 99

Galactose 56

Maanose 40

Glucose 22
Inhibitor

Phloridizin 96

Phloretin 8
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the diffusional component of total gl transport. As expected, diffusional entry
of glucose was linear over the entire 15 min time course studied and represented
~ 109 of total transport at I mM 3- O-methy]glucose The difference between total
3-0-methylgl port and t tin the p of phloretin was calculated
and represented a measuie of passive carrier tra.nsport [22]. All subsequent experi-
ments on glucose transport were conducted at 15s intervals for a total of 60s,
a time period during which transport was linear*.

To characterize the passive carrier system, competition and inhibition studies
were carried out using 1 mM 3-O-methylghicose and either 10 mM competitor or
400 uM mhlbnor (Table I). Addmon of mannitol or fructose demonstrated no com-

petition for gl t ddition of either galactose, mannose or
glucose demonstmted competltlon for 3-0-n1zthylglu.cose transport in these tumor
cells. The slight d in 3-0-methylgt entry in the presence of 400 uM

phioridzin could be attributed to the =5 % contamination of phloridzin with phlore-
tin**,

Data presented in Table 1I indi that 3-O-methylgl port into
tumor cells was found to be temperature-depzadent.

From initial velocity measurements, the kinetic constants, K, and V, were
calculated***, Total 3-0-methylgl tt was posed of two
passive carrier and diffusional tr: t, as d efi

of = o410 = {V[S)/(Kn+ [S])} +Ko[S]

where o = initial velocity of total transport; v© = initial velocity of passive carrier
transport; v® = initial velocity of diffusional transport; ¥ = maximum velocity of
passive carrier; [S]= 3-O-metiiyiglucose concentration; K, = Michaelis-Menten
constant for passive carrier; and K, = diffusional coefficient. In the above equation,
it was assumed that passive carrier transport followed Michaelis-Menten kinetics,
whereas diffusional transport was a linear function of substratz concentration [12).

Since it was possible to estimate the diffusional transport by using the inhibitor
phloretin, the values for vP were subtracted from »7 to yield o€, The data were plotted
in two ways; v vs. [S] and € vs. v</[8] (Fig. 2). On’y the ¢© was plotted according to
Eadie-Hofstee, from which were obtained both the X, (-slope of line)and ¥ (intercept
on the ordinate). The best fitting straight line on the Eadie-Hof5tee plat was deter-
mined by linear regression analysis.

P

d by the following equation:

Degradation of insulin in vitro

Insulin is known to be degraded by c:lls and purified membranes in vitro
[15, 16]. To investigate degradation of insulin by the dissociated tumor cells studied
here, the effects of bovine serum albumin added to the incubation medium were
examined, When 5 - 10¢ cells were employed, addition of bovine serum albumin to a
final concentration of 1% provided conditions in which the degradation of insulin

* Correction for trapping or adsorption of labelled 3-@-methylglucose to the cell pellat was
not necessary because the initial velocity was determined from the slope of the line and is independent
of the intercept on the ordinate (see Fig. 1).

** Chromatographic analysis revealed the prescnce of phloretin (~ 5%) in the samples of
phlondzm used (Kimmich, G., personal communication).
**% Some variation in ¥, but not K., was observed with different lots of collagenase andfor
hyaluronidase.
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TABLE It
EFFFCT OF TEMPERATURE ON 3.0-METHYLGLUCOSE TRANSPORT
C ion of 3-0: 1 was 1 mM.

Temperature  (umol/min/10° cells) X 10~*
<)

Cariier Diffusion Carrier
+Diffusion

37 1.8 0.4 14

30 1.5 0.3 1.2

25 ut 0.2 0.9

20 0.4 0.1 03

(107 M) was linear with time and was estimated (by precipitation with trichloro-
acetic acid) to be 10 % at theend of 2 120 min incubation peried at 20 °C. Other lots of
bovine serum albumin gave variable results; in some instances, 2% bovine serum
albumin was required to achieve the same degree of protection of insulin. To ascertain
the biological activity of the remaining insulin, experiments were conducted in which
cells were incubated with 10~° M insulin for 30 min under conditions used for glucose
transport studies, the cells were removed, and the medium was added to fresh cells.
Glucose transport was measured after an additional 30 min incubation period.
The cfiects of this “conditioned medium® on glucose transport, i.c., decrease in S,
were identical to those scen with freshly added insulin to cells and incubated for
30 min. The data indicate that the extent of degradation of insulin during a 60 min
incubation period was not sufficient to alter the hormonal effect on glucose transport.
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Fig. 2. Left: Initial velocity of 3-0-methylglucose (3-OMG) transport at 20 C. The diffusional com-
ponent was esti d by inclusion of 400 4M into 5 mM 3-0 | The difference
between total transport and diffusional transport gave the passive carrier transport. Mannitol was
added to maintain a constant osmofarity of 350. v, initial velocity; O, 6% @, 15; and A, o°. Right:
Data for passi rrier t (v°) plotted ding to Eadic-Hofstee. Line was determined by
linear ion analysis fati ficient = 96 %). Am = 3.5 mM; ¥ =23 10~* pmol/
inf10* cells.
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Fig. 3. The effect of incubation with insulin (10-? M) on 3.0- h transport in di
R3230AC tumor cells. Three ions of 3.0-methylgl are shown which simulate hypo-
ia {2 mM), normag] ia (5 mM) and hyperglycemia (20 mM) in vivo. The horizontal bars

represent the 5 min necessacy 1o perform the transport measurements. The times shown correspond
to the period of incubation with insulin; ¢©, initial velocity of the passive carrier.

Effect of insulin on glucose transport

To investigats the effect of insulin on glucose transport in tumor cells, experi-
ments were conducred initially to determine the effects of different times of incubation
of cells with insulin in vitro on the transport of 3-0-methylgl The data p d
in Fig. 3 show the effect of incubating tumor cells in the presence of 10~2 M insulin
for various time periods prior to measuring transport using three concentrations of
3-O-methylgh Since the experi | design for measurement of transport
required 5 min for completion, the data for »€ are presented for the overall 5 min time
interval. The v° remained constant for 90 min and was subtracted from the o to
yield the data shown. The initial time point (0 min) corresponded to the initial
velocity of the passive carrier transport in the absence of insulin. In the absence of
insulin, the initial velocity remained constant over the 90 min interval, Thus, in the
R3230AC tumor, insulin had the effect to derrease the passive carrier transport system
(v©); the extent of response to insulin was related to the time of exposure of the tumor
cells to the lrormone.

These data were also analyzed according to Eadie-Hofstee and the kinetic
constants were obtained at 0, 15, 30, 60 and 90 min of exposure to insulin (Table III).
An increase in K, with time was observed. 'There appeared to be a slight increase in
¥ during the first 30 min of exposure to insulin; however, this was not seen at 60 and
90 min. '

Utilizing 2 mM 3-O-methylglucose, the concentration of insulin (1071~1077
M) was varied to determine the effect of dose on 3-O-methylglucose transport
(Fig. 4). The transport studies were done after the tumor cells were incubated for
0, 15, 30, 60 and 90 min in the presence of different concentrations of insulin. For
these experiments, the data were plotted as the change in ©© for a given time and
insulin_concentration, according to the following relationship: — A4t = € (plus
insulin) —o€ (minus insulin). Since the observed effect of insulin was to decrease the
initial velocity, the 45€ had a negative value. The data demonstrated that the maxi-
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TABLE 111

EFFECT OF INSULIN (10~ M) ON KINETIC PARAMETERS OF 3.0-METHYLGLUCOSE
TRANSPORT IN R3230AC TUMOR CELLS

Incubation with Ko v Correlation
Insulin (min) (mM)}  (umo)l/min/10° cells) x10-4  coeficient®

[l 32 34 0.95

5 42 3s 1.00

s 4.6 37 097
30 5.2 3.6 0.92
€0 6.8 3.6 0.96
9% 72 34 0.94

* Correlati fficient for linear regression analysis of 1Zadic-Hofstee plot.

*% Kinetic parameters as determined in the absence of insulin in vitro.
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Fig. 4. The effect of the concentration of insulin on the initial velocity of the passive carrier sysiem as
measured with 2 mM 3-0. Data are d as the difference in o° observed in the
presence or absence of insulin; cells were incubated for 15, 30, 60, and 90 min with various amounts
of insulin, In the absence of insulin, o€ was 1.07-1.52 - 10~* umol/min/10% cells.

mum effect was achieved at 10~% M insulin. The dose-related effect of insulin was
obmvcd betwccn 10°1° M and 107 ° M.

Previously, we had d insulin binding to those tumor celis [5]. It was of
i therefore, to compare the time course of insulin binding with the time course
of 3-O-methylgl transport in the p of 107° M insulin (Fig. 5). For this

parison, the data cbtained at 90 min were arbitrarily sct at 1.0 (100 %) since the
time course of specific insulin binding demonstrated a plateau at 60-90 min. In the
case of 3-O-methylglucose transport, the —4u€ at 90 min was also set at 1.0 (100 %)
and the —4sC at each of the other time points was calculated in re]ationship to the
~— 4vCat 50 min (e.g., {—4v° (15 min) divided by —AvC (90 min)} - 100 = % change
in initial velocity at 15 min with respect to change in initial veloc:t y at 90 min).
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Fig. 5. Temporal relationship of insulin binding (10~° M) and insulin effects on glucose transport
(3-0-methylglucose) in R3230AC carcinoma calls in vitro. Values obtained at 90 min of incubation
were set at 100 %. Data for Km were calcutated from experiinents wtilizing 2, 5, 10, 20 and 30mM 3~
O-methyiglucose (see Fig. 2); change in ¢+ was calculated from studics utilizing 2 mM 3-O-methyl-
glucose (see Fig, 3).

Binding of insulin occurred rapidly, reaching ~ 50 % of the maximum by 10 min;
maximum binding occurred within 6C min. The effect of insulin to decrease the
v€ of 3-O-methylglucose transport was not as rapid as insulin binding; ~ 50 % of the
maximum effect was observed at 30 min. The time-related effect of insulin binding
displayed hyperbolic characteristics, whereas the effect on glucose transport (decrease
in 1<) appeared to be linear during the first 60 min. A hyperbolic relationship (similar
to insulin binding) was seen for the effect of insulin on the K, of 3-0-methylglucose
transport., The results suggest that a temporal relationship exists between insulin
binding and glucose transport, with the hormona! interaction preceding the response
induced on glucose transport.

DISCUSSION

The R3230AC tumor has previously been shown to rapidly metabolize glucose
through the hexose-monophosphate pathway and the Embden-Meyerhof pathway [4].
It was of interest to investigate transport of glucose, as compared to total uptake of
glucose; for this purpose, 3-O-methylglucose was utilized. 3-O-Methylglucose, which
cannot be phosphorylated on entering the cell, is not permanently retained within the
cell. Thus, itis essential to determine 3-O-methylglucose transport as early as possible
before a sufficient amount has accumulated within the cell, leading to back-diffusion.
This was accomplished by performing experiments during the time that transport of
3-O-methylglucose was linear (Fig. 1); this enabled us to measure the rate of 3-O-
methylglucose transport.

It should be noted that throughout these experiments, we also observed an
effect of bovine serum albumin. Although the cffects of insulin and diabetes were
independent of both the source and lot of bovire serum albumin used, the absolute
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values calculated for the kinetic constants varied to some extent.

One purpose of this investigation was to and ct ize gl
transport systems in R3230AC tumor cells and then to determine if these systems
responded to insulin. The gl transport system showed specificity for n-glucose
and certain other hexoses with structural similarities to gl The da
that 3-O-methylglucose entered the cell both by diffusion and by passwe carrier.
The diffusional transport component was defined (with the reservations mentioned
earlier) on the basis that it showed linearity with time and substrate concentration
over the range of 1 to 30 mM 3-0-methylglucose.

In contrast, the passive catrier transport component was defined on the basis
that it was a saturable process and that it was inhibited by phloretin. Since phloridzin
(up to 400 £M) did not inhibit transport, it was concluded that an active transport
component was probably not present Total transport was a temperature dep
process; passive carrier transport d rated the major di d

The values of the kinetic parameters, K, and ¥, of the passive carrier system
cannot be determined precisely because determination of the diffusional system
cannot be done with absolute accuracy. To best evaluate the kinetic parameters,
therefore, phloretin was used to block the passive carrier; this approach yielded data
to estimate glucose entry by diffusion. Similar techniques, i.e., use of inhibitors to
block the passive carrier, have been utilized by others in the determination of glucose
transport systems in brown fat cells [6] and Novikoff rat hepatoma cells [19]; the
values for K, reported by these investigators, were similar to those presented here.

The effects of insulin on gl port have been i igated in both white
and brown fat cells [17, 6, 20], muscle {18, 7], erythrocytes [21] and other tissues
(see review by Elbrink and Bihler, [22]). In most instances, insulin elth:r increased or
had no effect on glucose uptake. The data p i here, in
that insulin decreased the oF by appro'umately 40 % at 2mM 3-O-methylglucose
after exposure of tumor ceils to 10~° M insulin for 60-90 min. This decrease was based
on comparing the v© of dissociated tumor cells not incubated with insulin, which
represented the control. While it is desirable to utilize a normal celt and then contrast
normal with abnormal, a question arises as to what would be the best choice for
normal. Adipose tissue, which comprises about 90 %, of the mammary gland from the
virgin rat, does not reflect the cell composition of the tumor. A better choice would be
the gland during lactation, which contains a predominance of epithelial .ells; as such,
it is more like the composition of the tumor which contaias little or no adipose tissue.
O’Keefe and Cuatrecasas [23] reported that epitheliat cells from sregnant animals
were not responsive to insulin in vitro, aithough they onfy measur=d giucose utilization
and not transport per se; their studics were performed on tissues from intact animals.
The unusual effects of insulin seen here to inhibit glucose transport may in part be
due to our use of tumors from diabetic rats since the response was enhanced comparad
1o that seen in tumors from non-diabetic animals [5]. H , the insulin effect was
shown to be related both to the time of exposure to insulin and to the concentration of
insuiin. Such results are usually anticipated for a hormonal response.

Studies of insulin binding to R3230AC tumor cells will be presented in detail
eisewhere*. However, for the purpose of comparing the time course of insulin binding

* Harzaon, J. T. and Hilf, R., manuscript in preparation,
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with the time course of 3-O-methylglucose transport in the presence of 10~° M insulin,
some of the specific binding data were p ted in Fig. 5. A relationship b the
binding of insulin and its effect on glucose: transport was observed. However, the
two plots are not superimposable especially during the first 30 min. One possible
explanation for the delay in response is that another event, such as ion flux, e.g.,
Ca“‘, or adenyl cyclase acuvatmn or mactlvatlon may be necessary for the onset of

the biolog ing the gl transport events to be delayed.
Elucidation of the hanism must await further expenmentatson.
The ability of insulin to infl the biologi havior of the R3230AC

temor in vivo may be exphiined in part by the eﬂ'ccts observed on glucose transport
in vitro, First, specific receptors for jnsulin in the R3230AC carcinoma were demon-
strated to have properties similar to those in normal cells {24]. Second, data shown

here indicate the p of a passive glucose transport system in the carcinoma
possessmg kmetlc pmpeme‘: similar to those reported for other cells. Third, insulin

dap i P in the passwe transport system with the hormone
causing a reduction in v, leading to an i in the calculated K. Since admi! a-
tion of insulin decreascd tumor growth m intact animals, the combined effects of
inhibition of gl t t, d¢ hexose monophosphate pathway activity

and lack of st:mu]ntlon of hexokmase activity [4] could lead to decreased substrate
availability and utilizarion. The more rapld growth of the R3230AC tumor in dlab:tlc
rats may be a result of the i in v of gh transport plus the i
diffusional influx of glucose in the hyperglycemlc state; these effects would more than
offset the modest decrease (2220 %) in hexokinase activity and the slight decrease in
hexose monophosphate pathway utilization of glucose [4). Obvicusly, several as-
sumptions were made by comparing tumor growth in vivo, enzyme zctivity measured
under optimurmn conditions, substrate utilization by tumor slices in vitro and glucose
transport by dissociated cells in vitro. Nevertheless, the data do not reveal any
striking disparities and provide us with a working hypothesis to examine in future
experiments.
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